Abstract The purposes of this study were to investigate the effects of two different pekmez production methods namely open pan evaporation (OPE) and vacuum evaporation (VE) on the final products, and to observe the changes in constituents as well as aromatic components after 4 months of storage. The initial and poststorage (4 months) 5-hydroxymethyl furfural (HMF) content in OPE apple pekmez were respectively 5.48, and 7.04 mg/kg. No HMF was detected in VE apple pekmez. Both initial and poststorage content of phenolic compounds was higher in VE pekmez compared to OPE pekmez. The effects of production methods and storage time were statistically significant on phenolic compounds in apple pekmez. The content of all analyzed minerals except calcium has significantly decreased in pekmez compared to raw material on dry weight basis. OPE resulted in a 55.97 % loss in the amount of ascorbic acid, whereas the loss in VE has been 23.45 %. Poststorage loss in ascorbic acid has respectively been 69.54, and 89.28 %, for VE and OPE samples. None of the aromatic components of fresh apple was detected in pekmez.
Introduction
Pekmez, which has been produced for centuries in Turkey, is one of the most common name of concentrated and shelflife extended form of fruit juice produced by boiling/ heating, concentrating juice up to 70-80 % of total soluble solids without addition of sugar or other food additives (Batu 2005 (Batu , 2011 . It is a healthy, nutritional, natural and valuable food, and is produced from various sugar rich fruits such as grape, raisin, apricot, watermelon, prune, fig, mulberry, carob bean, sugar beet, Juniperus communis etc. (Ş imşek et al. 2004; Batu 2005; Oral et al. 2012) . Pekmez is generally preferred at breakfast, especially in winter, as an alternative for jam or Honey (Batu 2005) .
Pekmez can be categorized in two main groups; liquid and solid pekmez. In liquid pekmez production, fruits are first washed and crushed. Juice is extracted by pneumatical or mechanical press. The fruit juice is boiled with pekmez soil (contain 75-95 % CaCO 3 ) or commercial CaCO 3 , which helps reduce the acidity, caused by naturally existing tartaric and malic acids by precipitating them as calcium tartarate and calcium malate. Then sedimentation is allowed to occur and once the acidity is reduced, clarified fruit juice is concentrated to the range of 68-80 % generally under atmospheric conditions (in rural regions) or rarely via the vacuum method. Traditionally, white solid pekmez is obtained by addition of some gelling agents (pectins, carboxymethyl cellulose) and bleaching agents (egg white, soapwort juice or powdered sugar) to the liquid pekmez (Batu 1991; Kaya and Delibaglı 2002; Ş imşek et al. 2004; Batu 2005) .
Browning is the critical quality issue in pekmez, as in most concentrated fruit juices. Non-enzymatic browning reactions in Pekmez occur either via caramelization or the Maillard reaction. Although, these reactions are responsible for the development of attractive colours and flavours in heat-processed foods, over-processing often damage constituents and lower the nutritional value (Bozkurt et al. 1999; Rufían-Henares and de la Cueva 2008) . Heating processes involve reactions of amino acids, peptides and proteins with reducing sugars and other carbonyl compounds. Thermal load of food during processing can be identified by the increasing concentrations of some indicators such as 5-hydroxymethyl furfural (HMF) or furosine. HMF has long been a utility parameter for this purpose. Beside its useful index for high thermal load in food stuffs, HMF is accepted as a food contaminant with potential harmful properties. Some studies show that HMF plays an active role as an initiator or promoter of colon cancer in rats (Rufían-Henares and de la Cueva 2008; Kowalski et al. 2013 ). The HMF is considered to be harmful to human health. Precautions can be taken to reduce the amount of HMF in food (Kowalski et al. 2013) . HMF formation in foods generally occur during processing (low pH and high temperature), unit operations and also depend on the chemical composition of the processed raw material. The sensory and quality characteristics of pekmez can be enhanced through minor or major parameter adjustments during the production of pekmez.
The purpose of this study is to determine the important chemical constituents of apple pekmez right after production and after 4 months of storage at 20°C, in samples produced through the OPE and VE methods.
Materials and methods

Materials
'Red Delicious' Starking apple was supplied from Gülbu-dak Inc., located in Egirdir, Isparta, Turkey. Clear apple juice was concentrated to 68-70°Brix using VE at -0.08 MPa and OPE (Fig. 1) .
Methods Chemicals
All reagents were of analytical grade. HMF standard, malic, citric acid were supplied by Sigma-Aldrich (Germany) and tartaric acid, ascorbic acid were from Fluka (Italy, UK). Acetonitrile and methanol of HPLC grade were from Sigma-Aldrich (Seelze, Germany). Catechin, caffeic acid and chlorogenic acid were purchased from Sigma (India, Germany) and epicatechin was obtained from Fluka (India). The element standard solutions used for calibration were produced by diluting a stock solution of 1000 mg/L of given element, supplied by Sigma (St. Louis, MO).
Chemical analyses
Total dry matter (TDM), soluble solids (SS), pH, total ash, titratable acidity (TA), total and invert sugar, and protein contents were determined according to AOAC (2000) .
5-Hidroxymethyl furfural (HMF) analysis
The HMF content in pekmez was determined quantitatively using modified procedure of Gökmen and Acar (1999) . A 5 ml of pekmez diluted to 11.2°Bx (Hanna Inst. USA) was extracted twice with 10 ml of ethyl acetate by shaking vigorously for 5 min using a vortex mixer (Velp Italy). The upper phases were combined and extracted with 2 ml of 1.5 % sodium carbonate solution by shaking for 1 min. The phases were allowed to separate and the aqueous phase was immediately extracted with 10 ml of ethyl acetate by shaking for 1 min. Ethyl acetate phases were combined and filtered through a blue band filter paper (Macherey-Nagel Germany). Filtered extract was acidified with 5 drops of acetic acid. Then the extract was evaporated at 40°C, and dissolved in 1 ml of water (pH 4.0). Twenty ll of this solution was injected into reversed phase HPLC (Shimadzu Corporation, Kyoto, Japan). The amounts of HMF in the final solution were determined by using a calibration graph of concentration versus peak area and expressed as lg/ml. The HMF concentration in apple pekmez was calculated with the following equation;
where C HMF * is the concentration of HMF in the final solution (lg/ml), V is the total volume of the final solution (ml), and m is the volume of diluted apple pekmez taken from extraction.
The HPLC was equipped with a LC-10ADvp pump, a SCL-10Avp system controller, a CTO-10Avp thermostatted column compartment, and a Diode Array Detector (DAD) using a Luna C18 (2) column (Phenomenex USA) (250 9 4.60 mm) with a particle size of 5 lm. The chromatographic separations were performed using the mixture of ACN/H 2 O (5:95, v/v) as the mobile phase at a flow rate of 1 ml/min at 30°C.
Analysis of phenolic compounds
Phenolic compounds were analyzed using modified procedure followed by Caponio et al. (1999) and Escarpa et al. (2002) . Ten gram of apple and pekmez samples were weighed and mixed with 0.1 g BHT (2,6-Di-tert-butyl-4-methylphenol) and 15 ml of 80 % methanol containing 1 % HCl was added, stirred and extracted twice for 45 min in ultrasonic bath. The upper phases were combined and filtered through a Whatman no 4 filter paper. All extracts were filtered through a 0.45 lm membrane filter, and 20 ll of this solution was injected into HPLC (Shimadzu Corporation, Kyoto Japan). The chromatographic separations were performed on an Eclipse XDB-C18 column (Agilent USA) (250 9 4.60 mm) with a particle size of 5 lm. The mobile phase consisted of 3 % acetic acid (A) and methanol (B). Extracts were eluted according to the following binary gradient: the gradient was started with 7 % B in order to reach 28 % B at 20 min, 25 % B at 28 min, 30 % B at 35 min, 30 % B at 50 min, 33 % B at 60 min, 42 % B at 62 min, 50 % B at 70 min, 70 % B at 73 min, 80 % B at 75 min, 100 % B at 80 min and 7 % B at 81 min. The flow rate was kept constant at 0.8 ml/min at 30°C. The injection volume was 20 ll.
Determination of mineral content
A Perkin Elmer Optima 5300 DV ICP OES model (Shalton USA) inductively coupled plasma spectrometer was used to determine the minerals in apple and pekmez according to EPA method 6010 (1986) . Sample preparation was completed using Milestone microwave unit according to EPA method 3015a (2007) . For the microwave digestion, quantities of approximately 0.6 g of apple and pekmez were introduced to the TFM vessel, after that 5 ml HNO 3 and 1 ml H 2 O 2 were added. After application of heating programme and once the sample mixture is cooled down, the vessel content was made up to 15 ml with ultrapure water. Operating conditions of the instrument were as follows: RF power, 1450 W; coolant gas flow, 15 L/min; auxiliary gas flow, 0.2 L/min; nebulizer 0.6 L/min; heater, 30°C; delay time, 60 s; plasma view, axial; sample flow rate, 1.5 mL/min. Sensitive wavelengths for mineral identification were obtained from the tables provided by the manufacturer. Signal changes over time were corrected using an external drift monitor. Averages of readings from all replicates were reported.
Determination of organic acids
Organic acids were analyzed according to the modified methods used by Alhendawi et al. (1997) and Krapez et al. (2001) . A Sep-Pak C18 solid-phase cartridge (Waters Associates Ireland) was equilibrated with 3 ml methanol and then washed with 10 ml ultrapure water. Five g of apple and five ml of pekmez were taken and homogenized with 5 ml of 2 % H 3 PO 4 . Resulting mixture was filtered through a coarse filter. 1 ml of filtrate was diluted with 3 ml of 0.01 M water solution of KH 2 PO 4 buffer at pH 8.0 as an extraction solution. One ml of extracted solution was passed through the cartridge and eluate was collected in the tube. The cartridge was washed with 2 ml of extraction solution and eluates were combined and then 20 ll of this solution was injected into reversed phase HPLC (Shimadzu Corporation, Kyoto Japan). The HPLC was equipped with a LC-20AT prominence pump, a DGU-20A5 prominence degasser, a SIL-20AC prominence auto sampler, a LC-20AT prominence system controller, a CTO-10ASvp thermostatted column compartment, and a SPD-10Avp UV-Vis detector (210 nm) using a Prodigy ODS-2 (Phenomenex USA) (250 9 4.60 mm) with particle size of 5 lm. The chromatographic separations were performed using the H 3 PO 4 at pH 2.3 as the mobile phase at a flow rate of 0.8 ml/min at 30°C.
Extraction of aromatic volatiles and GC-MS analysis
Aroma compounds were identified according to the modified method of Zhang et al. (1994) . A total of 2 g apple puree and pekmez were poured into a 15 ml headspace vial, sealed with a septum and an aluminum cap. Carboxenpolydimethylsiloxane (CAR/PDMS, 75 lm) fibre with a manual holder from Supelco (Bellefonte, PA USA) was used for the extraction of aroma components. Before use, the fibre was preconditioned in GC injector according to the instructions provided by the manufacturer. Volatiles were extracted by exposing the fused silica SPME (Supelco, Inc., Bellefonte, PA USA) fibre to the headspace of the sample vial that was maintained at 40°C for 30 min. For thermal desorption the SPME fibre was immediately inserted into the GC injector. A desorption time of 5 min at 250°C was used in splitless mode. The analyses were performed using a GC 2010 SE GC/MS (Shimadzu Japan) equipped with an injection block at 250°C, operated in electron ionization (EI) positive mode with an energy of 70 eV. Separation of aroma compounds was attained through a Restek Rxi-5 Sil MS column (30 m 9 0.25 mm, 0.25 lm) (Restek, Bellefonte USA) maintained at 40°C for 2 min, raised to 250°C at 4 min, and then maintained at 230°C for 5 min. Helium was the carrier gas at a flow rate of 1.61 ml/min. The desorption time was 5 min.
The adsorbtion and desorption of SPME fiber procedure with GC-MS technique for determination of the volatiles, repeatability, sensitivity and stability were tested. Repeatability expressed as relative standard deviation (RSD) of volatiles were in the range of 2.2-5.8 %. The concentration of the solution was used to determine the limit of detection (LOD) if the average S/N ratio was 3. Also, limit of quantitation (LOQ) value was calculated from the calibration curve. The LOD and LOQ values were found to be 1.1 and 3.3 mg/L, respectively. Injected of samples of relative standard deviations (RSD) \3 % (peak areas), indicating the procedures were stable during the intervals.
Linear retention indexes (LRI) of the aroma compounds were calculated for GC-MS data according to C7-C30 (Sigma-Aldrich Germany) straight-chain alkanes. The mass spectra of the individual compounds were compared with those provided by the Nist library (NIST), Wiley, Tutor, Flavor and Fragrance Natural and Synthetic Compounds (FFNSC).
Statistical analysis
All the analysis was performed in three replications using one way analysis of variance (ANOVA). Statistical differences with p values under 0.05 were considered significant and means were compared with Tukey's, using SPSS program version 16.0 (SPSS Inc., Chicago, IL).
Results and discussion Table 1 shows the physicochemical analysis results of fresh apple, and pekmez produced by OPE and VE methods. The contents of TDM, SS, pH, ash, TA, invert sugar, total sugar, protein of fresh apple were determined as 14.5 %, 14.02, 4.04, 3.24 %, 0.23 %, 55.65 mg/100 g in DW, 80.48 mg/100 g in DW, 4.48 % in DW, respectively. HMF was not detected in fresh apple.
The contents of chemical constituents in Table 1 , except for TA, were statistically significant among the pekmez (p \ 0.05). SS values of pekmez reached up to 70°Brix. The SS content in pekmez produced by OPE and VE methods were 70.76 and 71.37°Brix, respectively. The SS content in stored pekmez were 70.48 and 70.88°Brix for OPE and VE pekmez, respectively. A slight decrease in the content of SS was observed in stored pekmez. According to Turkish Standards Institution (TSE 2007) , pH levels of sweet pekmez must be between 5.0 and 6.0. Addition of an insufficient amount of CaCO 3 to pekmez during production may result in poor neutralization and sour taste. On the other hand, excess amount may result in dark colour and impaired taste (Batu 1991) . The pH levels in pekmez samples produced by OPE and VE methods were within the limits (5.43-5.65) allowed by TSE. Consistent results were found by Toker et al. (2013) who reported gradual decrease of pH in grape, mulberry, black mulberry and carob pekmez during storage.
Ash content of pekmez (2.33-2.49 %) were lower than fresh apple on DW basis. This could be due to the removal of coarse and disperse matter from cloudy apple juice as a result of application of depectinization, clarification and filtering processes. Yilmaz et al. (2007) reported that filtration and clarification of pomegranate juice during commercial processing may be the main reason for low protein and ash content of pomegranate molasses in comparison to fresh pomegranate.
Invert sugar, total sugar and protein content of fresh apple were higher than that of pekmez produced by OPE and VE. Invert sugar, total sugar and protein content of OPE and VE samples have slightly decreased during storage. This might be due to loss of some constituents in non-enzymatic reactions. Total sugar content of apple and pekmez were higher than invert sugar content. These results show that apple contains sucrose besides invert sugar as glucose and fructose. Invert sugars are one of the main factors of the non-enzymatic browning, affecting the quality of fruit juices (Damasceno et al. 2008) . Damasceno et al. (2008) ruled out a reduction less than 4 % in invert sugar content as a possibble cause for formation of nonenzymatic browning in cashew apple juice. Damasceno et al. (2008) hyphothesized that ascorbic acid degradation was the main factor of the browning. Besides thermal treatment, the high level of invert sugar loss could be contributing to ascorbic acid loss and HMF formation.
In present study, HMF was not detected in fresh apple, and pekmez produced by VE method. HMF content of pekmez produced by OPE was measured at 5.48 mg/kg right after production. However, after 4 months of storage, the HMF content was found to be 7.04 mg/kg. These results indicate that thermal treatment in the VE method involves less heat than the OPE method throughout the concentration stage. The maximum allowed HMF content in grape pekmez is 75 mg/kg (TSE 2007) . Both production methods are safe in terms of HMF content, however, VE method is more suitable than OPE method. On the other hand, Tosun and Ü stün (2003) reported that higher pH values promote the development of HMF. Both initial and poststorage (4 months) HMF content in pekmez produced through the OPE method were found to be lower than other studies conducted with grape pekmez (Tosun and Ü stün 2003; 9-10 ppm) , mulberry pekmez (Ş engül et al. 2005; 6 .34 ppm), grape, mulberry and black mulberry and carob pekmez (Toker et al. 2013) . It is speculated that the clarification process may accounts for the lower HMF formation in present study, compared to previous studies (Tosun and Ü stün 2003; Ş engül et al. 2005; and Toker et al. 2013 ). Tülek and Yilmaz (2006) Pekmez processing method employed in this study is different from the methods used in above mentioned pekmez samples. Different from those methods, clarification was also applied in this study. Therefore, loss of minerals and phenolics during pressing and clarification of apple juice could be what lead to the formation of a lower amount of HMF.
'Red Delicious' apple is high in phenolic compounds especially rich in chlorogenic acid. Phenolic compounds of the fresh apple and pekmez samples are given in Table 2 . The concentrations of mean phenolic compounds in the pekmez were found statistically significant (p \ 0.05). Chlorogenic acid is identified as the major phenolic compound of apple and pekmez. Epicatechin and catechin were the second and third abundant phenolic compounds in apple. The lowest measured phenolic compound in the samples has been caffeic acid. Chlorogenic, epicatechin, catechin and caffeic acids were determined as 483.10, 215.86, 166.21 and 24.1 mg/kg DW in fresh apple, respectively. The content of phenolic compounds in the pekmez produced through the VE method was higher than that of pekmez produced through the OPE method. The amounts of phenolic compounds decreased throughout the storage process for all pekmez. The decrease in phenolic Table 1 The physicochemical properties of apple fruit and apple pekmez (initial and after 4 months storage) Raw material and Pekmez samples acid during storage was higher in the OPE method compared to the VE method. Pekmez production through the OPE method resulted in a 46.71 % reduction in the amount of chlorogenic acid, while the reduction measured after 4 months of storage has been 49.97 % for this sample. Compared to the OPE method, a still significant but lower percentage of reduction was observed in chlorogenic acid amount in the VE method. The percentage of reduction in chlorogenic acid content was measured as 37.34 % in the VE pekmez right after production, whereas this percentage was measured as 41.48 % following 4 months of storage. Similar results were observed for initial and poststorage contents of catechin, epicatechin, caffeic acid in both pekmez (Table 2) . After 4 months of storage, phenolic acid loss, except chlorogenic acid in OPE pekmez were higher than VE pekmez. Suárez-Jacobo et al. (2012) reported that the time-temperature effect of storage on apple juice under Ultra-high pressure homogenization and aseptic packaging lead to a loss of nutritional components (chlorogenic acid and total polyphenols). Various processing methods in apple juice (clear or cloudy) production and storage period have been found to affect phenolic compounds (Karadeniz 1993; Gökmen et al. 2003; Boyer and Liu 2004) . The loss of phenolics in pekmez production is not only due to heat tretment, clarification and storage period, but as phenolics tend to bind to cell wall material, this could account for a portion of the decrease in polyphenols content found in apple juice (Renard et al. 2001 ). Boyer and Liu (2004) reported storage has little to no effect on apple phytochemicals, but processing can greatly affect apple phytochemicals. Mineral compositions of apple and pekmez are shown in Table 3 . Apple is a good source of minerals especially rich in K and Ca. Consumption of fresh or processed apple products provide significant health benefits for humans. The mineral content in pekmez were statistically significant (p \ 0.05) except for Cu. K, Ca, Mg, Na, Fe, Cu and Zn were determined as 8069.10, 1038.20, 708.75, 110.78, 23.09, 3 .45 and 2.42 mg/kg DW in fresh apple. K, Ca and Mg are the macro elements present in apple. Na, Fe, Cu and Zn are the microelements present in apple. Na is determined as the micro element with highest concentration. This was followed by Fe, Cu and finally Zn, which is the element with the lowest content. All of the mineral content of pekmez except for Ca, was slightly lower compared to apple on DW basis Recent Pat Food Nutr Agric. 2014;6(2):93-9. The higher Ca content in the pekmez could be due to the addition of CaCO 3 during production stages. The reduction in contents of other elements might be due to the elimination of some parts of the apple (peel, leaf, pectin, starch etc.) during clarification and filtration processes. Yilmaz et al. (2007) proposed that filtration and clarification of pomegranate juice during commercial processing could be the main reason for lower protein and ash content in pomegranate molasses in comparison to fresh pomegranate. Toker et al. (2013) reported various reactions in which divalent cations and minerals are involved, listing this as one of the factors for HMF formation.
Organic acids, which are among the important constituents of fruit juices, contribute to the tartness, flavour and specific taste of fruit juices (Raghav et al. 2012 ). Initial and poststorage (4 months) organic acid contents of the pekmez and that of fresh apple are given in Table 4 . The concentrations of mean organic acids in the pekmez were found statistically significant (p \ 0.05). Malic acid was the major organic acid constituent of the apple, where tartaric acid was identified as the second abundant one. The contents of organic acids were 29246.72, 5443.61, 815.25 and 34.5 mg/kg DW in apple for malic, tartaric, citric and ascorbic acids, respectively.
Ascorbic acid exhibited the lowest stability followed by citric acid, tartaric acid and malic acids. The ascorbic acid loss was higher in the OPE method (55.97 %) compared to the VE method (23.45 %). The loss in the amount of ascorbic acid during storage has been 69.54 and 89.28 % for VE and OPE methods respectively. The loss of citric acid content was 24.61 and 12.31 % for OPE and VE methods, respectively. Malic acid was relatively stable compared to the above mentioned organic acids during both production and the storage period. Compared to the OPE method, the percentage of tartaric acid loss was higher in the pekmez produced through the VE method. The initial and poststorage (4 months) loss of malic acid in OPE and VE methods were 9.19, 16.11 and 4.10 %, 10.76 %, respectively. Kaya and Delibaglı (2002) reported that the adddition of CaCO 3 lowers the acidity caused by naturally existing tartaric and malic acids by precipitating them as calcium tartarate and calcium malate. Raghav et al. (2012) reported that the concentration of organic acids generally decreases in fruit juices as storage time is increased. Food flavours generally are complex mixtures of volatiles. The main flavour compounds found in the 'Red Delicious' apple fruit and apple pekmez are listed in Table 5 . Aroma compounds in pekmez were found to be statistically significant (p \ 0.05). The major flavour components were n-hexanal and 2-Methylbutyl acetate. 2-Hexenal, butyl ester, 1-Hexyl acetate, Isobutyl acetat, 1-hexanol and 1-butanol were identified as other flavour componets in fresh 'Red Delicious' apple. None of the flavours found in fresh apple was detected in pekmez produced by OPE and VE methods. Our results are in agreement with previous studies (Onsekizoglu et al. 2010) . Onsekizoglu et al. (2010) reported trans-2-hexenal which is the most abundant aroma compound in apple juice, but it was markedly lost in apple juice concentrates produced by thermal evaporation technique. The aroma profile of pekmez displayed significant variations of aroma compounds compared to fresh apple aroma. Factors such as enzymatic and non-enzymatic browning, clarification, heat treatment may be affecting the aroma profile. Komthong et al. (2006) demonstrated the change in apple juice odours during ezymatic browning after squeeze displayed some improvement in the first 2 h of browning but deteriorated thereafter. During pekmez production, aroma compounds in apple juice was altered giving way to new aroma compounds in both production methods, OPE and VE. Major aroma compound in pekmez was determined as 2-propanon. Because of differences in pekmez production parameters, aroma profiles showed significant differences in OPE and VE methods. OPE requires excessive heat treatment compared to VE, therefore, OPE method resulted in a large number of aroma compounds. OPE method resulted in a higher amount of acetic acid (7.92 %) than the VE method (not detected). After 4 months of storage, pekmez contained 41.08 and 27.28 % acetic acid for OPE and VE methods, respectively. Acetic acid was not detected in fresh apple. Á lvarez et al. (2000) emphasised the importance of minimizing the application time of high heat throughout the entire process, in order to limit the loss of volatile aroma compounds. Results showed a significant loss in major apple aroma components such as n-hexanal, 2-methylbutyl acetate, 2-hexenal, butyl ester, 1-hexyl acetate and Isobutyl acetate during apple pekmez production with VE and OPE methods. The loss of aroma volatiles increased with high temperature and long processing time. OPE open pan evaporation; VE vacuum evaporation; DW dry weight basis; -not detected (n = 3) a-d Statistical differences between pekmez samples in the same row (p \ 0.05) (n = 3)
Conclusion
We have shown that VE method can be used effectively in pekmez production, which prevent HMF formation, and reduce loss of total sugar, organic acids (ascorbic, malic and citric acid) and phenolics (epicatechin, catechin, caffeic and chlorogenic acid).
Results showed that reducing sugar loss is higher than 4 %, and is the main factor of browning reaction during production and storage of apple pekmez. The HMF content in apple pekmez produced with OPE method was higher than with VE method. Production method was found to be the primary factor in HMF formation. Beside low temperature application (VE method), clarification process is considered to help reduce HMF formation.
Present study showed that VE method should be used for apple pekmez processing to obtain a product with HMF stability during storage.
Phenolic content (epicatechin, catechin, caffeic and chlorogenic acid) of VE pekmez is found higher than OPE pekmez. The loss of epicatechin, catechin, caffeic and chlorogenic acid were 46. 83-35.72 %, 43.26-30.46 %, 38.80-26.31 % and 46.71-37 .34 % for OPE and VE, respectively. Due to heat processing, the loss of phenolics in VE method was determined lower than OPE method. The content of all analyzed minerals except Cu are effected by pekmez production method. The loss of ascorbic, malic, tartaric and citric acid were 55. 97-23.45, 9.19-4.10, 3.89-36.76 and 24.61-12 .31 % for OPE and VE, respectively. The loss of ascorbic acid in OPE is found 2.39 times more than VE. The loss of ascorbic, malic and citric acid in VE were lower than in OPE because of the warm heat treatment during evaporation. n-Hexanal and 2-methyl butylacetate, which are mainly found in fresh apple were not detected in OPE and VE. Depending on the thermal treatment and clarification process, aroma compounds in pekmez is completely converted to new aroma compounds as compared to fresh apple. VE method had positive effects on phenolics, organic acids, protein and sugar content.
